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Abstract
The organic surfactant template method has been widely used for the preparation of CuO
nanorods, nanotubes and nanowires. However, the surfactants in this system have no effect on
the properties of the final products because they are flushed away. In this work, we used this
method to synthesize a novel type of inorganic–organic hybrid nanowire via the hybridization
between CuO and amphiphilic oligomer octadecyl, polyethylene glycol di-butenetrioate
(O-B-EG-B). Here O-B-EG-B, as a structure director, was not flushed away but remained in the
prepared hybrid nanowires because it was bound around CuO or entrapped in interior CuO. The
hybrid nanowires showed CuO cores and P(O-B-EG-B) shells when the concentration of
O-B-EG-B was 0.4 mg ml−1, but exhibited P(O-B-EG-B) cores and CuO shells when the
concentration of O-B-EG-B was 4.0 mg ml−1. We found that the hybrid nanowires with
P(O-B-EG-B) cores and CuO shells could sense a slight change in the relative humidity (RH)
and respond by rapidly changing their conductivity. The resistance changed by about two orders
of magnitude within the humidity range from 5% to 83.8%. Moreover, a humidity sensor based
on this type of nanowire not only showed long-term stability but also exhibited excellent
reversibility to moisture changes in air.
S Online supplementary data available from stacks.iop.org/Nano/21/415501/mmedia
(Some figures in this article are in colour only in the electronic version)
1. Introduction
Materials with nanoscaled one-dimensional (1D) structures
such as nanowires, nanotubes and nanorods have been
attracting intensive interest due to their unique morphological
structure and physico-chemical properties [1, 2]. These
types of material always have potential applications as
building blocks, interconnections and functional components
in nanodevices [3, 4]. Inorganic–organic hybrid materials
with nanoscaled 1D structures have a particular attraction as
they can inherit the advantages of both organic and inorganic
components [5, 6]. For example, II–VI-based 1D hybrid
semiconductors, MQ–(L)n (M = Zn, Cd, Mn; Q = S, Se,
3 Authors to whom any correspondence should be addressed.
Te; L = monoamine, hydrazine, diamine, diethylenetriamine,
cyclohexylamine, m-xylylenediamine; n = 0.5 or 1), have
demonstrated to be a new family of multifunctional hybrid
materials. These hybrid materials normally exhibit tunable
physical properties and zero uniaxial thermal expansion in
a broad temperature range [7–11]. Recently, polymer–
inorganic 1D hybrid materials showing a controllable structure,
excellent biocompatibility and unique electrical or magnetic
properties have become another popular research topic [12].
There are generally two methods used to prepare polymer–
inorganic hybrid 1D structures. The first method includes the
absorption of metal ions on a 1D polymeric substrate and the
reduction or oxidation of metal ions [13]. For the second
method, polymer–inorganic hybrid 1D materials are prepared
0957-4484/10/415501+08$30.00 © 2010 IOP Publishing Ltd Printed in the UK & the USA1
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Scheme 1. Chemical structure of O-B-EG-B.
from the self-assembly of hybrid copolymers in selective
solvents [1, 14–17].
Copper monoxide (CuO) based materials with rele-
vance to high-temperature superconductivity [18–20] and
semiconducting antiferromagnetism, have received extensive
investigations for their prospective applications in many fields
such as field emissions (FE) [21], catalysts [22, 23], and
gas sensors [24, 25]. On the other hand, it has been
recognized that the shrinking of materials to one dimension
enhances their inherent properties and gives rise to new tunable
properties [1, 26]. Accordingly, many methods have been
developed to synthesize 1D CuO structures. Among these
methods, the organic surfactant template method is a widely
investigated one [27–34]. However, these organic surfactants
just act as structure directors, but do not affect the chemical and
physical properties of the as-prepared CuO materials, because
they are finally flushed away.
In the present work, we introduce a new type of polymer–
inorganic hybrid nanowire prepared from the hybridization
between CuO and amphiphilic oligomer octadecyl, polyethy-
lene glycol di-butenetrioate (O-B-EG-B, scheme 1) followed
by free radical polymerization. The main feature of this
type of hybrid nanowire is that the amphiphilic polymer is
bound around CuO wires or entrapped inside of CuO wires
via polymerization and chelation between the polymer and the
CuO. By simply adjusting the feed ratio of the materials, hybrid
nanowires with different 1D nanostructures can be obtained.
Here the amphiphilic polymer not only plays a structure
guiding role but also acts as a component in the final product.
As the organic component remains, so the prepared hybrid
nanowires exhibit interesting new properties. For example,
the conductivity of this type of hybrid nanowire dramatically
depends on the relative humidity (RH) in the air. The hybrid
nanowires can sense a slight change of RH and respond by
rapidly changing their conductivity. There have been many
reports demonstrated that metal oxides such as Ba0.7Sr0.3TiO3
and Na2Ti3O7 with special structures [35–43], carbon nan-
otube based composites [44, 45] and SnO2 nanowires [46]
possess excellent humidity sensing properties. However,
investigations on the polymer–inorganic hybrid materials
exhibiting humidity sensitivity are not sufficient, though there
have been some reports on humidity sensors based on this type
of hybrid material [47, 48]. So, we believe reasonably that
this type of hybrid nanowire would have potential applications




Maleic anhydride (MA), polyethylene glycol 600 (PEG600),
p-toluene sulfonic acid (TSA) and octadecyl alcohol
(OA) were purchased from Aldrich. N,N ′-methylene
bis(acrylamide) (MBA) and potassium persulfate (K2S2O8)
were supplied by Alfa Aesar. Copperdichloride (CuCl2), con-
centrated sulfuric acid (H2SO4), sodium hydroxide (NaOH),
magnesium chloride (MgCl2), magnesium nitrate (Mg(NO3)2),
sodium chloride (NaCl), potassium chloride (KCl), pyrene and
methylbenzene were of analytical grade and used as received
from Shanghai Chemical Reagent Industry.
2.2. Synthesis
O-B-EG-B was prepared by the esterification reaction
between maleic anhydride and octadecyl, polyethylene glycol
butenedioates (O-B-EG) which was synthesized via two steps
of esterification reactions using maleic anhydride, octadecyl
alcohol and polyethylene glycol 600 (PEG600) as materials
(see supporting information available at stacks.iop.org/Nano/
21/415501/mmedia) [49].
To synthesize O-B-EG-B, 9.68 g of O-B-EG (0.01 mol)
and 0.98 g of maleic anhydride (0.01 mol) were dissolved in
21.2 ml of methylbenzene (0.2 mol). The reaction mixture
was refluxed for 12 h; the disappearance of the peaks at 1850
and 1780 cm−1 (C=O stretch vibration of maleic anhydride)
in the IR spectrum indicated that the reaction was carried out
completely. After evaporating the methylbenzene by rotary
evaporator, O-B-EG-B was obtained (10.2 g, 94%). Hydrogen
nuclear magnetic resonance (1H NMR, 400 MHz, CDCl3,
ppm), 0.89 (–CH3, 3H), 1.20–1.40 ((–CH2–)15, 30H), 1.68
(–CH2, 2H), 3.60–3.80 ((–OCH2)26, 52H), 4.18 (–OCH2, 2H),
4.28(–OCH2, 2H), 4.35 (–OCH2, 2H), 6.28 (=CH, 2H), 6.4
(=CH, 2H). IR (KBr, cm−1), 3427, 3050, 2922, 2851, 1729,
1637, 1463, 1404, 1355, 1116, 946, 843.
For the preparation of P(O-B-EG-B)/CuO hybrid nano
wires, O-B-EG-B was dispersed in 100 ml of deionized water
(5.56 mol), then 10.0 ml of CuCl2 aqueous solution (0.1 mM)
was dripped into the O-B-EG-B solution. Under high-speed
stirring conditions, NaOH aqueous solution (0.2 mM) was
dripped into the previously mixed solution, until the CuCl2
was completely transformed into Cu(OH)2, the pH of the
solution was adjusted to 8.0. After stirring overnight at 40 ◦C,
the Cu(OH)2 transformed completely into CuO, and O-B-EG-
B/CuO hybrid nanowires were obtained. In order to stabilize
the hybrid nanowires, cross-linking polymerization of O-B-
EG-B was carried out using K2S2O8 as the initiator and N,N ′-
methylene bis(acrylamide) as the cross-linker at 68 ◦C, and the
so-called P(O-B-EG-B)/CuO hybrid wires were prepared. To
obtain the purified products, the resultant P(O-B-EG-B)/CuO
hybrid nanowires in aqueous solution was dialyzed in water
using a dialytic-bag (molecular weight cutoff: 3500) to remove
unreacted materials.
2.3. Characterization
Transmission electron microscopy (TEM) measurements were
performed with a JEM2100 at an acceleration voltage of
200 kV. To prepare the TEM samples, a small drop of
hybrid nanowire solution was deposited onto a carbon-coated
copper TEM grid and then dried under room temperature at
atmospheric pressure. To obtain microscope images of the
2
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Figure 1. TEM images of solid (A) and hollow (C) P(O-B-EG-B)/CuO nanowires; high magnification TEM images of a single solid nanowire
(B) and a single hollow nanowire (D).
hybrid nanowires, samples were dispersed in deionized water.
The mixture was then dripped onto aluminum sheets. After
air-drying for 24 h at room temperature, the samples were
gold sputtering treated (the gold sputtering thickness was about
2 nm), and a field emission scanning electron microscope (FE-
SEM, LEO-1530) was used to observe the surface morphology
of the hybrid nanowires.
The 1H NMR spectra of the products were measured on
a Bruker ARX 400 MHz spectrometer with 1000 scans at
a relaxation time of 2 s. Fourier-transform infrared (FT-IR)
spectroscopy (Nicolet Avatar 360) was also used to confirm
the structures of the obtained products. The crystallization
behaviors of the O-B-EG-B and hybrid nanowires were
investigated using an x-ray diffraction (XRD) diffractometer
(Panalytical X’Pert diffractometer with Cu kα1 radiation,
40 keV, 30 mA). The diffraction data were collected from
2θ = 15◦–80◦. The static contact angles of water droplets
on the surface of the substrate made from hybrid nanowires
were measured on a Contact Angle Goniometer (JC2000A).
The hybrid nanowire substrates were fabricated by dropping a
hybrid nanowire aqueous solution on a glass surface and drying
at room temperature. Then the substrates were annealed at
room temperature for two weeks to endow the substrates with
an extremely dry surface.
To test the humidity dependent conductivity, hybrid
nanowires in an aqueous solution were deposited into a
pre-designed mold to form a columniform lamina with
2.5 mm radius and 0.5 mm thickness. The top and bottom
surfaces of the columniform lamina were gold sputtering
treated. Humidity-controlled solutions (50 ml) of 96%
H2SO4, saturated MgCl2, saturated Mg(NO3)2, saturated NaCl
and saturated KCl were put in closed glass chambers of
250 ml, which respectively provide different constant relative
humidities: about 5%, 32.5%, 51.5%, 75%, and 83.8% after
24 h at 30 ◦C. The humidity sensor was placed in the chamber
with different relative humidities for at least 1 h to reach its
equilibrium state. Then the I –V curves of the hybrid nanowire
based sensor were tested using a Ferroelectric Workstation
(RADIANT) with a voltage varying from −300 to +300 V.
The dynamic testing procedures were carried out through rapid
switching of the humidity sensor between the chambers of
different RH.
3. Results and discussion
3.1. Preparation procedure
To endow P(O-B-EG-B)/CuO hybrid nanowires with a unique
and stabilized 1D structure, two important factors should be
clearly illuminated. First, O-B-EG-B is more helpful for the
formation of a unique 1D structure than O-B-EG, though the
chemical structure difference between O-B-EG and O-B-EG-
B is slight. Irregular and fragmentized needles can be obtained
when using O-B-EG as the structure director (see figure 3S
in supporting information available at stacks.iop.org/Nano/21/
415501/mmedia). Second, the polymerization of O-B-EG-B is
important for the stabilization of the hybrid nanowires. During
our experimental procedure, we noticed that hybrid nanowires
composed of non-polymerized O-B-EG-B and CuO were not
stable; dilution or heating easily resulted in dissociation (see
figure 4S in supporting information available at stacks.iop.org/
Nano/21/415501/mmedia). However, such dissociation was
not observed for P(O-B-EG-B)/CuO hybrid nanowires which
were stabilized by cross-linking polymerization of O-B-
EG-B using K2S2O8 as the initiator and N,N ′-methylene
bis(acrylamide) as the cross-linker.
3.2. Structure characterization of hybrid nanowires
The morphology of this type of hybrid nanowire could be
controlled by simply adjusting the O-B-EG-B concentration.
The low magnification TEM images of the products
synthesized from 0.4 to 4.0 mg ml−1 of O-B-EG-B aqueous
solutions (figures 1(A) and (C)) show a wire-like structure
with a high aspect ratio. However, high magnification
TEM images of these two obtained hybrid nanowires give
completely different morphologies. As shown in figures 1(B)
and (D), solid structures and hollow structures can be observed,
respectively. The solid nanowires have diameters of 12–14
nm, while the hollow nanowires have diameters of 15–17 nm.
The lengths of both solid nanowires and hollow nanowires
are up to hundreds of nanometers. During our experimental
procedure, we found that when the O-B-EG-B concentration
was in the range 0.4–4.0 mg ml−1, the coexistence of solid
nanowires and hollow nanowires can be observed in the final
products. Moreover, a higher concentration of O-B-EG-B
resulted in a higher content of hollow nanowires and a lower
3
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Figure 2. (A) XRD patterns of (α) P(O-B-EG-B), (β) solid nanowires and (χ) hollow nanowires, (B) 1H NMR spectra of (a) solid nanowires
and (b) hollow nanowires.
content of solid nanowires in the final products. As the contrast
of CuO in TEM is much higher than that of P(O-B-EG-B),
the P(O-B-EG-B) component can hardly be observed in TEM
images. We speculate that the solid nanowires are constructed
from CuO cores and P(O-B-EG-B) shells, while the hollow
nanowires are constructed from P(O-B-EG-B) cores and CuO
shells [12, 13, 50].
However, TEM images only provide morphology informa-
tion for the as-prepared hybrid nanowires. Other information
such as components and structure are unknowable from these
images. To identify this new type of hybrid nanowire, two
questions must be answered. First, are the hybrid nanowires
really composed of P(O-B-EG-B) and CuO? Second, is the
P(O-B-EG-B) truly bounded around the CuO or entrapped in
interior CuO?
To answer these two questions, x-ray diffraction and
1H NMR were used to test the structure and components of
the as-prepared nanowires. The XRD patterns of the resultant
products are listed in figure 2(A). All the diffraction peaks of
the hybrid nanowires with a solid structure as well as hollow
structure can be indexed to a monoclinic phase with lattice
constant α = 4.267 Å. A broad peak at around 2θ =
21.5◦ in the XRD patterns of both solid nanowires and hollow
nanowires which can be assigned to the crystallization of P(O-
B-EG-B) indicates the existence of the polymer phase in these
nanowires. This result gives strong evidence that both solid
nanowires and hollow nanowires are constructed from P(O-B-
EG-B) and CuO. However, the crystallization peak of P(O-B-
EG-B) in both solid nanowires and hollow nanowires is weak.
We attribute this to the high crystallinity of CuO compressing
the peak height of P(O-B-EG-B), and the interpenetration of
P(O-B-EG-B) chains in CuO phase decreasing the crystallinity
of P(O-B-EG-B), respectively. Compared to the XRD pattern
of the solid nanowires, the peaks in the XRD pattern of
the hollow nanowires, especially the peak at 2θ = 32.6◦
were weakened significantly. This is because the insertion
of polymer chains in the crystal phase of CuO reduced the
crystallinity of CuO. This evidence also reveals that hybrid
interaction is formed between the P(O-B-EG-B) phase and
CuO phase in the hollow hybrid wires. 1H NMR spectra
of these two types of hybrid nanowires in CDCl3 shown in
figure 2(B) reveal that the components of both solid and
hollow nanowires are similar, and the carbon–carbon double
bonds have been polymerized successfully. However, the
integral ratios of H protons derived from the hydrophilic
chain (δ 3.60–3.80, 4.18, 4.28 ppm) to the H protons
derived from the hydrophobic chain (δ 0.89, 1.20–1.40, 1.68,
4.35 ppm) of solid nanowires and hollow hybrid nanowires
are about 1.51 and 0.95, respectively (the theoretical value
is about 1.52). This result suggests that partial hydrophilic
chains of hollow nanowires are embedded in the CuO shell,
which gives auxiliary proof for the hollow nanowires that
are constructed from a P(O-B-EG-B) core and CuO shell.
Obviously, all these results prove that our conjecture above
is correct.
3.3. Formation mechanism of hybrid nanowires
In our experimental process, we have found that neither O-B-
EG-B nor P(O-B-EG-B) formed wire structures in an aqueous
solution (they formed spherical micelles in water, see figure
5S in the supporting information available at stacks.iop.org/
Nano/21/415501/mmedia), and CuCl2 could not transform into
CuO nanowires in aqueous solution without O-B-EG-B. From
the molecular structure of O-B-EG-B, the hydrophilic chain
is constructed of a PEG segment and a carboxylic group,
both of which can form chelate complexes with Cu2+. At
a lower concentration of O-B-EG-B, less Cu2+ are absorbed
on the O-B-EG-B, and most of the Cu2+ are dissociated in
solution. Accordingly, the transformation of Cu2+ to CuO
is processed in aqueous solution but not on the hydrophilic
chains of O-B-EG-B. Because CuO can aggregate easily in
an aqueous solution, the CuO generated aggregates in the
hydrophobic cores of O-B-EG-B micelles to reach a stable
status. With the increasing aggregation of CuO, the O-B-
EG-B micelles with CuO cores transform into nanowires to
reduce their specific surface area, and the so-called solid
nanowires as shown in figures 1(A) and (B) were obtained.
When the O-B-EG-B concentration increases to a higher value
(for example 4.0 mM), almost all the Cu2+ are chelated
with the hydrophilic chain on the surface of the O-B-EG-
B micelles. After the transformation of the Cu2+ to CuO,
hybrid nanowires with CuO shells and O-B-EG-B cores are
obtained, which exhibit a hollow structure in figures 1(C)
and (D). Now that the hollow nanowires are coated by easily
aggregating CuO, this type of nanowire may be unstable in
aqueous solution. The results shown in figure 6S in the
supporting information (available at stacks.iop.org/Nano/21/
4
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Figure 3. Typical SEM image of solid hybrid nanowires (A) and hollow hybrid nanowires (B); the upper insets are images of the shapes of
water droplets on the surface of substrates made from solid nanowires and hollow nanowires, respectively.
Figure 4. (A) I–V curves of the hollow hybrid nanowire based sensor in different static RH atmospheres from dry air (5%) to 83.8% RH air
at 30 ◦C; the upper inset is a schematic illustration of the hollow hybrid nanowire based sensor. (B) I–V curves of the hollow hybrid nanowire
based sensor in a moist atmosphere at a non-equilibrium state.
415501/mmedia) confirmed this conjecture. No precipitate
was observed in an aqueous solution of solid nanowires
after standing for three days, but there was evidence that
a precipitate was formed in an aqueous solution of hollow
nanowires only after 6 h standing. We also used FE-SEM
to test the morphologies of both the solid nanowires and
the hollow nanowires. As shown in figures 3(A) and (B),
solid nanowires are bonded together while hollow nanowires
are upstanding and separated from each other. This is
because the hydrophilic shells which are constructed from
polar PEG segments facilitate the entwisting of the solid
nanowires. The upper insets of figures 3(A) and (B) are the
shapes of water droplets on the surface of substrates made
from solid nanowires and hollow nanowires, respectively.
The contact angle of a water drop on the solid nanowires
is about 30◦ while that on the hollow nanowires is about
135◦, which proves that the solid nanowires are hydrophilic
and hollow nanowires are hydrophobic. Some reports have
demonstrated that the surface of CuO depends much on
the surface roughness [51, 52] and the time of the low-
temperature annealing [53]. Consequently, a highly rough
surface (see figure 3(B)) and a long time of annealing (see
section 2) at room temperature endow our hollow hybrid
nanowire with a strong hydrophobicity. However, the solid
hybrid nanowires cannot exhibit hydrophobicity after a long
annealing time because they are coated by hydrophilic polymer
shells. We consider that the structure of P(O-B-EG-B)/CuO
nanowires is directed by two factors including the hydrophobic
aggregation of CuO and the chelate action between Cu2+ and
O-B-EG-B. The first factor plays a leading role only at a lower
concentration of O-B-EG-B, while the second factor plays a
dominant role at a higher concentration of O-B-EG-B.
3.4. Humidity sensitivity
Although the solid nanowires are more stable in an aqueous
solution, (as shown in figure 6S available at stacks.iop.org/
Nano/21/415501/mmedia) their electrical property, with which
we concern ourselves, is mostly poor because they are coated
by a nonconductive polymer. Consequently, our humidity
sensor is based on the hollow nanowires with polymeric cores
and CuO shells. Figure 4(A) shows the I –V curves of a
hollow hybrid nanowire based sensor in different static air
atmospheres of 5–83.8% RH at 30 ◦C. It is found that the I –V
curves in any atmosphere exhibit good linear behavior, which
reveals a good Ohmic contact between the golden layer and the
hollow hybrid nanowire layer. On the other hand, the slopes of
the curves shown in figure 4(A) increase with the increasing
value of RH, indicating that the resistance of the hollow hybrid
nanowires decreases with the increase of the RH in air. The
resistance of the hollow hybrid nanowires in dry air (5%) is
calculated to be about 1.04 × 108 , which is 78 times that
5
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Figure 5. (A) Current response of the hollow hybrid nanowire based sensor to dynamic switches between dry air (5%) and different RH
(32.5–83.8%) at 30 ◦C under a voltage of 100.0 V; (B) linear dependence relation between the current response sensitivity and the RH.
Table 1. The resistance of hollow hybrid nanowires in different RH
air atmospheres (temperature of the solutions was kept at 30 ◦C, and
the voltage applied on the hollow hybrid nanowires varied from






Dry air 5 1.04 × 108
Saturated MgCl 2 solution 32.5 4.18 × 107
Saturated Mg(NO3)2 solution 51.5 1.33 × 106
Saturated NaCl solution 75 1.31 × 106
Saturated KCl solution 83.8 1.03 × 106
(1.33 × 106 ) in 51.5% RH air and about 100 times that
(1.03 × 106 ) in 83.8% RH air (table 1). Obviously, it is
reasonable to believe that water vapor in air has a strong effect
on the conductivity of this type of hollow hybrid nanowire.
The I –V curves shown in figure 4(A) were obtained from
hollow hybrid nanowires which have reached their equilibrium
state in different RH air atmospheres. These results cannot
reflect the dynamic process of the influence of RH on the
resistance of hollow hybrid nanowires. Consequently, we
measured the I –V curves of hollow hybrid nanowires at their
non-equilibrium state in different RH air atmospheres. Hollow
hybrid nanowire laminas equilibrated in 5% and 32.5% RH
air were rapidly transmitted into 83.8% and 75% RH air,
respectively, and I –V curves were tested synchronously. As
shown in figure 4(B), the I –V curves no longer exhibit linear
behavior, but evidently show a hysteresis loop, which reveals
that the resistance of the hollow hybrid nanowires decreases
with increasing scanning time. This result gives auxiliary
evidence that the conductivity of hollow hybrid nanowires
depends much on the moisture absorption; a higher moisture
absorption results in a higher conductivity.
To gain a better understanding of the sensitivity, response
and recovery time, and reproducibility of this type of hollow
hybrid nanowire, the current response of the hollow hybrid
nanowire based sensor to dynamic switches between dry air
(5%) and different RH (32.5–83.8%) at 30 ◦C was tested under
a voltage of 100.0 V. As shown in figure 5(A), when the sensor
is exposed in moist air with a higher RH such as 51.5%, 75%
and 83.8% in reference to dry air with a lower RH, the current
passing through the hollow hybrid nanowire lamina increases
rapidly and then gradually reaches a relatively stable value.
However, when the sensor is switched to dry air again, the
current exhibits an abrupt decrease then reaches its relatively
stable value promptly. The response and recovery time of this
hollow hybrid nanowire based sensor, which are defined as the
time required to reach 90% of the final equilibrium value, were
calculated to evaluate its response speed. It was found that the
response time and recovery time of this sensor are about 180
and 160 s, and depend less on the difference-value of humidity.
For the evaluating of sensitivity,the curve of IRH/Idry air (IRH
and Idry air represent the current that passes through the hollow
hybrid nanowire based sensor at various RH and at dry air with
a RH of 5%, respectively) versus the relative humidity under
a constant voltage of 100.0 V was drawn (figure 5(B)), which
reveals that the response sensitivity of this sensor presents a
nonlinearity with RH in air. This is dramatically different
from the sensors based on carbon nanotubes [44, 45] and
SnO2 nanowires [46]; IRH/Idry air of carbon nanotubes exhibit a
negative correlation with RH in air, and the response sensitivity
of SnO2 nanowires shows linearity with RH in air. The
maximum IRH/Idry air of the hollow hybrid nanowire based
sensor is about 100 which is much higher than that of carbon
nanotubes and SnO2 nanowires, indicating that our sensor
has a better sensitivity to RH in air. More importantly, the
voltage applied on our sensor is AC with a value from −300
to +300 V, which indicates that the sensor is suitable for a
wide range of voltages including civilian voltages. At the
same time, this dynamically abrupt increase or decrease of
current can proceed repeatedly and the response sensitivity
hardly decreases (the sensitivity decay ranges from 1.25% to
7.9%, see in figures 8S and 9S in the supporting information
available at stacks.iop.org/Nano/21/415501/mmedia) after five
cycles (about 60 min) of humidity switching between dry air
and given RH air, indicating that the hollow hybrid nanowire
based humidity sensor has relatively good reproducibility. In
other words, the performance for repeated use of our hollow
hybrid nanowire based humidity sensor is excellent.
The analysis above has demonstrated that our hollow
hybrid nanowire based sensor could sense a slight stimulation
of the RH in air and respond by abruptly changing its
conductivity. More importantly, such a conductivity change
directed by the fluctuation of the RH in air is always reversible.
For example, we have found that after keeping this sensor in a
6
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moisture level of 83.8% RH for about one month, the resistance
in air with 32.5% RH still recovered to its original value
(see figure 7S available at stacks.iop.org/Nano/21/415501/
mmedia). This result also confirms that the humidity sensitivity
of hollow hybrid nanowires is dominated by the physical
interaction but not the chemical interaction formed between
vapor and hybrid wires. So far as we know, there have not
been any reports on CuO nanowires, polymeric nanowires
and hybrid nanowires exhibiting humidity sensitivity. We
speculate that the effect of vapor in the air on the conductivity
of this hollow hybrid nanowire based sensor is a result of the
synergistic action between P(O-B-EG-B) and CuO. Vapor in
the air is absorbed by the hydrophilic chains of P(O-B-EG-B)
embedded in the CuO phase, then the H2O molecules transfer
to the CuO phase and form a physical interaction with the CuO
phase. As CuO is a p-type semiconductor, its conductivity is
decided by the amount of holes. The interaction between H2O
and CuO may result in an increase of holes in the interior CuO.
So, the conductivity of the hollow hybrid nanowires increases
significantly. However, further investigation still needs to be
done.
4. Conclusions
In summary, we have introduced a novel and simple route to
synthesize inorganic–organic hybrid nanowires with selective
structures. The characterization results demonstrated that
the as-prepared P(O-B-EG-B)/CuO hybrid nanowires exhibit
CuO cores and P(O-B-EG-B) shells at a lower O-B-EG-
B reaction concentration, but show P(O-B-EG-B) cores and
CuO shells at a higher O-B-EG-B reaction concentration. A
new type of humidity sensor based on P(O-B-EG-B)/CuO
hollow hybrid nanowires with CuO shells was fabricated. In
addition to its high sensitivity, fast response and excellent
reversibility to moisture changes in air, the long-term stability
and strong adaptability to a wide range of voltages endows the
hollow hybrid nanowires with promising application potential
in various environments for moisture detection. We also
believe that the method presented here for synthesizing P(O-
B-EG-B)/CuO hybrid nanowires would prove valuable for
the preparation of other inorganic–organic nanostructures with
specialized functions.
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